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Leukocyte Chemotaxis and Enzyme Release
Abstract
Canine adenovirus-type 1 (CAV-1)-antibody complexes caused severe anterior uveitis with corneal edema
("blue eye") when injected into the anterior chamber of normal dogs. The response of the anterior uvea to
such immune complexes (IC) was similar to the spontaneously occurring disease. In the presence of
complement (C'), IC caused release of neutrophile chemotactic factors. Following phagocytosis of IC-C',
leukocytes released lysosomal enzymes, as indicated by the presence of acid phosphatase in the
surrounding medium. Membrane bound viral aggregates, presumably IC, were common in neutrophiles
and in macrophages that had infiltrated the anterior chamber of opaque eyes that occurred after
intravenous (IV) inoculation with attenuated CAV-1. These data were incorporated into a postulated
scheme for the pathogenesis of CAV-1 uveitis with corneal edema.
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ABSTRACT Canine adenovirus-type 1 (CAV-l)-anti
body complexes caused severe anterior uveitis with corneal
edema ("blue eye") when injected into the anterior chamber
of normal dogs. The response of the anterior uvea to such
immrune complexes (IC) was similar to the spontaneously
occurring disease. In the presence of complement (C/), IC
caused release of neutrophile chemotactic factors. Following
phagocytosis of IC-C/, leukocytes released lysosomal enzymes,
as indicated by the presence of acid phosphatase in the sur
rounding medium. Membrane bound viral aggregates, pre
sumably IC, were common in neutrophiles and in macro
phages that had infiltrated the anterior chamber of opaque
eyes that occurred after intravenous (IV) inoculation w ith
attenuated CA V-I. These data were incorporated into a postu
lated scheme for the pathogenesis of CAV-l uveitis with
corneal edema.
KEY WORDS: DOG, CANINE ADENOVIRUS-I,
ANTERIOR UVEITIS, CORNEAL EDEMA, IMMUNE COMPLEX ,
LEUKOCYTE CHEMOTAXIS, PATHOGENESIS.
(Co rnell Vet., 1975, 65:331-3.51)
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NFECTION by canine adenovirus type-l (CAV-l) causes a
generalized, frequently fatal disease in young dogs; how
ever the disease in older animals usually is mild, often being
recognized only by an increase in specific antibody or by the
appearance in recovered dogs of severe inflammation of the
anterior uvea and corneal edema ("blue eye"). Ocular mani
festations also are seen following vaccination with attenuated
CAV-l strains (4,9). Previous reports from this laboratory
(1,5,6) have described clinical and pathological features of the
ocular disease in relation to changes associated with viral
growth in the eye and the associated systemic and local im
mune responses. It was hypothecated that the ocular lesions
were mainly a consequence of Type III (immune complex
mediated) hypersensitivity, for a feature of the disease was
the demonstration of viral antigen and specific antibody in
the anterior uveal tracts of virtually all affected eyes. Also,
severe uveitis occurred after the intraocular injection of
canine adenoviral-antibody complexes (immune complexes).
Inflammatory responses were more severe if complement
(C') had been added to immune complex (IC) preparations
before injections were made. Extensive and severe panuveitis
also occurred within 4 hours following intravitreous inj ection
of non-living CAV-I soluble antigens into eyes of immunized
dogs with high levels of complement-fixing and neutralizing
CAV-l antibodies. In the latter instances, histological exam
ination of affected eyes indicated that recovery would not have
occurred.
In a recent study (I), ultrastructural changes were de
scribed in the corneal endothelium of dogs at various times
during the course of experimental CAV-l infection. During
the early stage of inapparent or mild luvei t is, virus could be
isolated f r om the aqueous flui d a nd clusters of viral particles
were observed in the nuclei of occasional corneal endothelial
cells. Latel', duri ng the stage of severe a nterior uveitis ( usual
ly 7 to 8 days after inoculation by the intr avenous rout e),
virus was n ot isolated from th e aq ueous fl uid , but viral anti
gen and immunoglobuli ns could be demonstrated by immuno
fl uorescence within infl ammat ory cells which had infiltrated

into the anterior chamber and trabecular spaces. The inflam
matory cells, consisting of mononuclear and somewhat fewer
numbers of polymorphonuclear leukocytes, occurred as clust
ers within a fibrin meshwork (keratic precipitates) and com
monly were found closely adherent to the corneal endothelium.
Electron microscopic study revealed phagocytized aggregates
of membrane-bound CAV-l particles within the cytoplasm of
apparently normal and degenerating macrophages and neu
trophiles. Such aggregates were interpreted as IC within
phagolysosomes.
To further investigate the pathogenic functions of IC in
CA V -locular disease, the generation of leukocytic chemotac
tic factors (CF) and release of lysosomal hydrolases as pos
sible mediators of corneal endothelial injury were examined.
I n this paper, additional evidence is presented that indicates
a pathogenetic role for viral-antibody complexes in the an
terior uvea of dogs infected with CA V -1. In addition to ac
counting for the sudden and extensive accumulations of in
f lammatory cells in the anterior chamber and trabecular
spaces of affected eyes, in vivo and in vitro studies were made
to attempt to relate lysosomal enzyme release to corneal
endothelial damage.

I

333

MATERIALS AND METHODS

Immune complex pTcpaTations. Cornell-l strain CAV-l
(infectious canine hepatitis virus) was used. Methods of virus
isolation, growth in dog kidney cell (DKC) cultures, and the
preparation of viral antigens have been described (5,6). Im
m une complex preparations were made as reported previous
ly (6), however in some experiments dissociated viral anti
gens were prepared by a methanol precipitation method (16)
followed by dialysis against pH 10.3 buffer (0.1 M glycine
NaOH). An approximate 40-fold concentration of viral anti
gen, as evaluated by complement-fixation tests, was obtained.
Mixtures of viral antigen and varying amounts of anti-CAV-l
immunoglobulin solution, prepared by ammonium sulfate pre
cipitation (final saturation of 33 70 ) were made in a series of
dilution tubes and incubated for about 2 hours at 37C, at which
time a floccular precipitate appeared in some tubes. Mixtures
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then were allowed to react at 4C for an additional period of
24 hours, and the contents of the tube with the greatest amount
of precipitate were combined with those of tubes with two
and four-fold greater amounts of antigen. The pooled pre
cipitates then were centrifuged at 2,500 rev / min (PR-2 Centri
fuge, International Eqpt.Co., Needham Heights, MA.) for 20
minutes at 4C and washed twice in 0.15 M phosphate-buffered
saline, pH 7.4 (PBS). After two addi t ional washes, precipi
tates were s usp ended in PBS to one-fifth the original volume.
Preparations of IC were stored at - 15C until used for dog
inoculat ions or for in vitTo experiments. Such IC preparations,
after reaction with C', consistently produced intense uveitis,
commencing within 2-6 hours after injection into the anterior
chamber of CAV-1 susceptible dogs' eyes. Arthus-type skin re
actions also occurred in dogs within 4-6 hours after intra
dermal inoCJulation of 0.2 ml amounts of IC into the abdominal
skin.
After tests in dogs had demon strated the capability of an
IC preparation to engender anterior uveitis, the preparation
was considered sati sfactory for in vitr o experiments.
Dog studies. A total of 66 specific-pathogen-free Beagle
dogs from the Veterinary Virus Research Institute's colony
were used. Their ages ranged from 9 to 17 weeks. Inoculation
of IC or lysed leukocyte suspensions into the anterior chamber
of dogs' eyes and collection of aqueous fluid samples was done
as described elsewhere in detail (6). Selected eyes from dogs
which had developed typical CAV-1 "blue eyes" following
intravenous inoculation with attenuated CAV-1 were enucle
ated shortly after the onset of corneal opacification and stored
in sealed plastic vials at -70C until cryostat sections (4 nm)
were made for immunofluorescent study . Eyes for electron
microscopic examinations wer e fixed in situ, as described
below.
Leu kocyte p1·epam tions. Samples (1 6 m l) of peripheral
blood w ere obtained from the jugular vein and placed in sili
cone-t reated 50 ml gla ss centrif uge t ubes containi ng 4 ml of
s ter ili zed 5 % dextran (MW 250,000) m ade up in Hank's
saline solution, p H 7.4. Th e blood-dextr a n mi x tures were al
lowed to stand f or 1 hour at 35e and the leuk ocyte-rich plasma

portions, which always contained a small number d eryth r o
cytes, were harvested and centrifuged for 5 min. at 800 rev l
min. in an International PR-2 centrifuge. Cell pellets were
then suspended to one-half the original plasma volume in
RPMI 1640 medium containing 4 "c heated lamb serum. Leu
kocyte counts indicated 0.8 to 1.2 X 10 7 cells/m!.
Electron micr oscopy. Ultrathin sections of portions of the
anterior segment (cornea and angle) of eyes with early uveitis
a nd corneal edema were fixed in situ and stained as described
previously (1) . For in vi.b ·o studies, leuko cyte prep arations
w ere fixed with 2.5 '1t glutaraldehyde and osmi c acid and em 
bedded for sectioning according to a described method (12).
E xaminations were done with a Philips EM-300 electron
microscope.
Chemotactic factor (CF) assay. An assembly that cona ined two chambers separated by a membrane filter (AHLCO
Mfg. Co., New Britain, Conn .) was used. Micropore filters
( Millipore Corp., Bedford, Mass.), 0.65 nm porc size, 'Nere
employed for the assay of CF elaborated by peripheral blood
leukocytes. 'rhe method used has been descri bed in detail (18).
I mmune complex-C' (I C-C') preparations to be tested for CF
activity, together with appropriate controls, were inj ected
in to the lower compartment of a chemotaxis assembly; peri
pheral blood leukocyte suspensions were prepared as de
scr ibed above and 1 ml amounts then were injected into th e
upp er chamber. After incubation for 3 hours at 37C in 5'70
CO ~ and air, fl'uids were aspirated from the chamber:::; and
the f ilters were fixed and stained according to a described
method (17). Quantitation of the leukotactic responses was
done by counting (375 X magnification) the number of leu
kocytes that had migrated in at least 5 randomly selected
fields. A chemotactic index (Cl) was recorded (number of
ll1i g rating cells reacted with test preparations divided by th e
nu m ber of leukocytes that had migrated when the lower
cha mbers contained medium only). Only those cells whi ch
clea r ly had migrated into the plane of focus of the lower p or
tion of the filter were counted. The 0.65 nm filter permitted
evaluation only of neutrophile responses, since macrophages
are excluded by the pore size of the filters used (18). Phago
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cytosis of IC by leukocytes was monitored by direct immuno
fluorescence with fluorescein-conj ugated CA V -1 antiserum.
In some instances, a conjugated antiserum prepared against
purified canine Cr3 (Supplied by Dr. L. W. George, NYS Vet
erinary College, Ithaca, N.Y. 14853) ,vas used to detect cell
bound C'.
Acid phosphatase assays. Acid phosphatase is a common
marker enzyme, indicating liberation of lysosomal hydrolases
from damaged leukocytes, or their release following phago
cytosis of bacteria, zymosan particles, or immune complexes
(20). In this study, acid phosphatase activity of aqueous
fluid and serum samples from normal dogs and from dogs
with CA V -1 induced corneal opacities were determined coloro
metrically, using commercially prepared reagents (Sigma, St.
Louis, Mo., Techn. Bull. No. 104, 1973). Similar tests were
done rusing leukocyte suspensions (1 ml amounts) reacted in
silicone-treated glass tubes with viral antigen, immuno
globulin, or IC preparations (0.3 ml amounts), to which 0.1
ml of C' had been added. In some instances, reactions were
carried out on nonphagocytosable surfaces (Micropore filters,
0.45 nm pore size) according to described procedures (12,13).
Enzyme activities were expressed as Sigma Units (Sigma, St.
Louis, Mo., Techn. Bull. No. 104, 1973), Or as per cent release
of enzyme activity released into supernatant fluids obtained
after centrifugation of leukocyte reaction mixtures for 10 min.
at 2,000 rev I min. at 4C. The total enzyme activity of leu
kocyte suspensions was liberated by treatment with 0.2 0/0 Tri
t on X-100 (Rohm and Hass Co., Philadelphia, Pa.).
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F ig. 1. Eye with acu te anterior
uv eitis and corneal edema ("blue eye")
observed 2:J hour~ after intraoculaT in
j ection with viral-antibody complex su s
pe nsion. Keratic precipitates are ad
herent to the corneal endothelium.

RESULTS

NeutTophile chemotaxis by Ie. In the 6 dogs used for
these experiments, uveitis commenced within 3 to 8 hours fol
low ing intraocular inoculati on with IC-C', reaching maximal
intensity approximately postinoculation (P I) h ours 24-36
(Fig. 1) . Reactions varied somewhat, but there was ch emosis,
iridal edema and marked aqueous f lare in all inj ected eyes.
Microscopic lesions of the ant er ior uveal t ract shortly after
onset of corneal edema consisted of heavy infilt rations by
neutrophiles, with somewhat lesser numbers of mononuclear
cells (Fig. 2). The cells appeared to originate from the root

Fig. Q. Typical microscopic appearance of the trabecular meshwork
of the irido-corneal angl e as seen approximately 24 hours after the i n
jection o.f immune complex-plus-complement suspension into the anterior
chamber. Cellular infiltrate consists of neutrophiles (arrows) and mono
cytes. Azure II-methylene blue stain. ><1400.
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of the iris, and were most numerous in the anterior chamber
and trabecular spaces. The anterior chamber also contai ned
large amounts of fibrin in which were enmeshed neutrophiles
and monocytes. Areas of the corneal endothelium generally
vvere absent, and the corneal-scleral junction was congested
and infiltrated with large numbers of leukocytes. Viral i.so
lations in DKC cultures were not made from ocular tissue::; or
from aqueous fluid samples of dogs given IC-C'. Imm uno
fluorescence studies revealed brightly staining aggregates of
viral antigen in the cytoplasm of cells obtained from aqueo11S
fluid smears (Fig. 3). Intranuclear virus was not observed.
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and 8 following intravenous inoculation with attenuated
CA V-I) also revealed viral antigen within cytoplasmic cellular
compartments but, in contrast with dogs given intraocular
injections with IC-C', intranuclear virus also was observed in

F ig. 4. Leukocytes adherent to the cor neal endothelium ( CE). Cell
bou nd complement (C') r evealed by anti-dog C' fluor escent a nt ibody
st a in applied to fr ozen section of a nterior segment of eye. Twen t y-fou l'
hours f ollowing injection of the anterior chamber with immune comp lex
s uspension. X 400 .

F-ig. 8. CA V-l anti gen in the cytoplasm of leukocytes within t Jlt'
a queou 8 f luid of dog's eye 8 hours f ollowing inj ection w ith viral-antibod y
:omp lexes, plus complem ent. Flu orescen t a n tibody sta in applied to sm cnr
p r eparation. X 400.

F r ozen sections of such eyes stained with flu orescein-labelled
a nti-dog C'3 r evealed bright membrane-associated f luo rescence
of ce]]s adherent to the corneal endotheliu m and within the
trabecular spaces (Fig. 4).
Examination of frozen sections of eyes obta ined from
t wo dogs soon after the onset of corneal edema (PI days 7

small groups of corneal endothelial cells located approximately
1 to 3 mm f rom the corneal-ir idal angle (Fig. 5).
Electron min·oscopic examination of eyes fixed sh or tly
after the onset of corneal clouding revealed large numbers
of cells (macrophages and neutrophiles) containing mem
brane-bound aggregates of adenoviral particles (Figs. Sa a nd
6b) ; some of the phagocytosed viral clusters appeared partial
ly digested. Intranuclear (replicating) virus was not ob
served at this stage by electron microscopy. However, as not ed
above, immunofluorescence microscopy revealed occasional
small clusters of cells, usually near the corneal-iridal angle,
that contained intranuclear viral anti gen. Attempts to isolate
virus from such eyes were unsuccessful, probably because of
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neutralizing antibody which always is found in the aqueous
fluid in opaque eyes (5).

Fig. 5. Frozen section of the anterior segment of eye with corneal
edema obtained 7 days after intravenous inoculation with CA \ '-1.
Bright staining intranuclear viral anti gen (arrow) in corneal endo
thel ial cells. Aggregates of viral antigen also were seen in cytoplasm of
clumped leukocytes within anterior chamber. Fluoresecnt antibody sta in.
x 400.

In vit?"o studies to determine the chemotactic activity of
IC are summarized in Table 1. From these results, it was
clear that chemotaxis by CAV-l / a ntibody complexes was de
pendent on the presence of fresh serum, i.e., a C' com
ponent (s). Figs. 7a, 7b and 7c illustrate the chemotactic re
sponsiveness of peripheral blood leukocytes (neutrophiles)
to I C-C'. Because results were essentially the same using IC
preparations made from methanol-p recipitated partially puri
f ied vir us (F ig. 8) or viral subunit antigens prepar ed by dis
sociation at pH 10.3, dat a in Table 1 does not dist inguish the
t ests done with these diff erent anti gens.
~

F igs. 611, (l nd b. D ouble mem bra ne-bound aggrega t es of vi ra l p articles
w~thi n the cytoplasm of macroph age (M ) j ux taposed aga inst Desccmet's
membrane (D) . Corneal endoth elial cells were a bsent in t his a rea ( Fig .
6a). E lectron photomicrograph . X 25,OOO. Similar cytopl a smic structures
(a rrows) within macrophage compr ising p ortion of keratic precipitate.
N ote fibrin (F) . Elect ron photomicrograph. X I3,OOO.
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Table 1. Neutrophile chemotaxis by canine adenovirus-1 (CA V-1)
antibody complexes (immune complexes)
T est mixture*
ICt

IC

+ fresh

dog serum (C')

+ RPMI 1640

medium

+

fresh
CA V-I antigen
dog serum (C')

+

Anti-CAV-1 globulin
!'rc:sh dog serum (C')

Test no.

Mean number
cells/ field""

Chemotactic
index (Cl)

1
2
3
4
1
2
3
4
1
2
3
4
1
2;,

46
54
> 150
> 100
4
3
8
7
5
4
10
7
3
6

15.3
18
> 15
>21. 7
1.3
1.0
0.7
1.4
1.6
1.3
0.9
1.4
1.0
2.0

.)

4

RPMI 1640 medium

1
2
3
4

3

3
11
5

':'Test mixt u re indicates reactants in lower well of chemotaxis as
sembly, made up to final volumes of 1 ml with RPM I 1640 medium.
Upper wells contained about 107 leukocytes, as described in iext.
-":'At least 5 fields (40 X objective magn ification) counted per
stained filter.
t IC
immune comple..x.

=

F igs. 7a , b arid c. Chemotactic response of canine peripheral leu
kocytes (neutrophiles) to CA V-I-antibody complexes, plus complement
(C'). Neutrophiles on top of filter membrane (7a) have migrated throug h
Iilter pores to lower side (7b) in response to immune complex-C'-gen
erated chemotactic factors. Absence of chemotactic factors (control)
indicated by reduced leukocytic migration (7c). Arrow indicates single
migrating cell within filter pore. Focus on top of filter, giving distorted
image of cells 011 bottom of filter. H & E . X800.
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Lysosomal enzyme studies. There was no measurable acid
phosphatase activity in aqueous fluid samples from normal
eyes, however elevated enzyme levels (0.1 to 1.0 Sigma units)
were found in virtually all samples from opaque eyes (Table
2). Enzyme levels of serum samples obtained from 14 normal

345

dogs were 0.19 ± 0.09 Sigma units (range 0.07 to 0.41 ).
Similar serum enzyme levels also were found in dogs with
corneal edema. In 15 of 29 samples obtained from opaque eyes,
enzyme levels of aqueous fluid samples were not significantly
different from those of the serum; however 14 samples had
acid phosphatase activities greater than found in serum, sug
gesting some local release.
In vitro studies of the release of acid phosphatase from
leukocytes by IC-C' preparations are summarized in Table 3.
Table 3. Acid phosphatase release from canine leukocytes by canine
adenovirus-1 (CA V-I)-antibody complexes (immune complexes).
Test mixtures
Leukocytes

+ IC-C":":'

Leukocytes + anti
gen, C' or immuno
globulin
Leukocytes + 0.2 %
Triton X-100

Pig. 8. Immune complex pr epa r a t ion made from partinlly purified
CA V-I and antibody in region of " antigen excess." Phosphotungstic a ciel
stain. Electron photomicrograph. X l08,700.
Table 2. Acid phosphatase levels in aqueous fluid samples from
normal eyes and eyes with corneal edema.
Acid phospha tase activity
(Sig m a u nits )
Aq ueous fl uid samples

<.01

0.1-0.3

0.4-1.0

Norm a l eyes ( non-inf ected)
N or mal eyes (CAV-1 infected)':";
Corneal edema (CA V- I
ini ected) +

18/ 1R*
39/ 39

0/ 18
0/ 39
18/ 29

0/ 30
11/ 29

0/ 29

0/ 18

" The n umerator is t he nu mber of sam ples with a ciel phospha tase a c
t ivity within th e r a nge list ed; the denominator is the t otal n umber of
s amples tested in each cla ss.
HOf the 39 samples in this category, 20 were from t h e non-affe cted
eye of dogs with unilateral corneal opacities. The r emainder were ob
tai ne d from norm a l eyes of dogs a t t h e t ime of onset of a nterior uveit is
wit h corneal edema in one or more littermates.
+Sam ples ob t a ined within ] 2 hours after onset of corneal edema.

Experiment
1
2
3
1
2
3
1
2
3

Acid-phospha
tase (Units) -'
3.6
6.5
6.2
0.7
0.6

1.0

52 ± 3

82 ± 2

75

Per cent
enzyme release
6.9
7.9
8.3

1.3
0.7
1.3
100
100
100

"Enzyme activity expressed as Sigma Units X 100. Values represent
mean of at least three replicate tests.
*"IC-C' indicates immune complex suspensions reacted y,jth comple
ment prior to addition of leukocytes.

The enzyme release from leukocytes reacted with IC-C' was
7.7 ± 0.75 % ; in contrast, release from leukocytes incubated
with CAV-1 antigen, C', or antiserum amounted to only 1.1 ±
0.01 %. Reaction mixtures were monitored by immunofluores
cence and, occasionally, by electron microscopy for phagocytic
capabilities of the cell preparations. Active phagocytosis was
revealed by the appearance of bright green cytoplasmic
fluorescence in leukocytes reacted with IC-C' (Fig. 9 ) . Also,
cells that had ingested IC-C' occurred in clumps. Cells exposed
only to viral antigen suspensions could not be distingTU ished
from controls.
Electron microscopy of leukocytes exposed to IC-C' re
vealed heavily vacuolated cells, with some double membrane
bound vacuoles containing clumps of viral particles a nd
amorphous material. However, in the in vitr-o preparations,
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phagocytosed IC never were as compact as those observed in
leukocytes within the anterior chamber of dogs with acute
anterior uveitis and corneal edema.

Fig . .9. Canine peripheral leukocytes reacted with CAV-I-antibody
complexes, plus complement. Cells are clumped. Bright a reas represent
cytoplasmic
fluorescenc"
of phagocytized CAV-I antigen. Fluorescent
antibody
stain.
X250.
DISCUSSION

When the present studies were initiated, it had been
established that two distinct types of oGular reactions may
OCcur in the dog following infection with CA V-I: (1) An in
tense uveitis wit.h corneal edema and systemic signs Occurs
within 48 to 72 hours following inj ection of virus directly
into the anterior chamber (10); (II) A delayed reaction may
Occur 1 to 3 weeks following the natur al disease or after vac
cination with attenuated virus consisting of m ild to severe
anterior uvei ti s, of ten with corneal edema _ "blue eye" 
(4, 5,9) .
The pathogenesis of the firRt, unnat ural, condition is
readily understood. Viral growth Occurs rapidly in cells of the
corneal endothelium and t rabecular meshwork with extension
of the inflammation to the posterior uvea. As a result, there
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is total loss of the corneal endothelirum, cataractous changes in
the lens, and severe uveitis that invariably terminates in total
loss of vision in the inoculated eye. The second, spontaneous,
type of ocular response to CAV-l is more complex, for an
terior uveitis without corneal edema is more common f ollow
ing CAV-l infection (or vaccination) than "blue eye" (4 ) .
In a recent ultrastructural study (1) of the changes in
corneal endothelium following CAV-l infection intran uclear
viral particles were observed in corneal endothelial cells dur
ing the stage of mild anterior uveitis, prior to onset of corneal
edema, augmenting previous virological strudies (5). Later,
at the time of onset of severe anterior segment inflammation
with corneal edema, there was sequential infiltration of the
anterior chamber and trabecular spaces, initially by neu
trophiles and, some hours later, by macrophages. These cells
were found to contain viral aggregates within phagolysosomes
in the cytoplasm. The aggregates were regarded as viral-anti
body complexes.
In the present series of experiments, observations were
extended to account for the very rapid onset of the corneal
lesions and the keratic precipitate formation. The role of IC
and complement in experimental tissue inj ury has been re
viewed by several authors (7,8,19). As regards the eye,
naturally occurring immunologically mediated disease is less
clearly documented; however, convincing evidence has been
compiled (2,3) for a pathological role for viral-antibody com
plexes in diseases of other organs, especially the kidney and
vascular system. A notable difference between Type III re
actions as described for experimental immunologic uveit is
(1 5) and ocular lesions of CAV-l is the localization of virus
principally within the avascular corneal endothelium and
trabecular meshwork cells, rather than within arter ioles of
the uveal tract. It was shown previously (1 ,5 ) th at the
presence of occasional viral-infected cells in the corneal endo
thelium does not generally lead to sufficient function al change
to cause osmotic flow of aqueous fluid into the corneal str oma
and result in edema. Rather, other mechanisms also m ust
operate. The data presented here have demonstrated th e
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in vitro release of a neutrophilic chemotactic factor by virus

Based on these data, a postulated scheme for the patho
genesis of "blue eye" is presented (Fig. 10).

antibody complexes pI us C'. Also, the finding of cellbound C'
by immunofluorescence in lesions, along with viral-antibody
aggregates, provided further evidence for the Type III hyper
sensitivity reaction. The actual cause of functional corneal
endothelial damage was not established by these studies; how
ever, the finding, in some instances, of elevations in aqueous
fluid acid phosphatase levels, sometimes above serum enzyme
levels, suggests release, and a possible role, of lysosomal en
zymes in tissue damage. Neutrophilic lysosomal extracts have
been reported to cause reversible changes in cultures of
corneal epithelial cells (14), however in recent experiments
done in our laboratory, we were unable to observe severe
damage to cultured corneal endothelial cells IUsing similar
methods. The failure to cause corneal endothelial damage may
have been due to the rapid washing out of the small molecular
weight acid proteases, since the trabeculae were not occluded
by infiltrated cells, as occurs in spontaneous CAY-1 eye
lesions. Also, adherence of large numbers of leukocytes and
fibrin to the corneal endothelium as keratic precipitates could
focus a sustained release of injurious constituents such as
acid proteases, collagenase, and permeability factors (7,11,13).
Such a mechanism is likely, since lesions are relatively focal
and corneal edema generally resolves within a few days, some
times weeks. The clumping of neutrophiles and monocytes
within the plasmoid aqueous fluid may represent an immune
adherence phenomenon, since in vitro observations indicated
clumping of cells only in the presence of C'. Removal of the
stimulus (IC-Ieukocytes) then allows repair of tissue damage
if corneal endothelial destruction were not extensive.
In vitro release of acid phospha tase from leukocyte sus
pensions by I C-C' amounted to approximately 7.7 0/0 , as com
pared with the total enzyme acti vity r eleased by a detergent
(T riton X-I OO ). The quantita t ive significance co uld not be
assessed; h owever , simi lar release of acid phosphatase from
huma n neutrophiles exposed t o immu ne complexes has been
reported (20,21) as indicat ive of libera t ion of lysosomal hy
drolases du ring phagocytosis.
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Leukocyte chemotactic factors
Immune adherence factor
Enhanced phagocytosis of immune complexes
LEUKOCYTE INFILTRATiON INTO ANTERIOR CHAMBER
PHAGOCYTOSIS OF

I~

COMPLEXES-C' BY NEUTROPHILES AND MACROPHAGES

I
RELEASE

LYSOSOMAL ENZYME
Injury (fycal) to CE at points of contact with leukocytes?
INFILTRATION OF LEukoCYTES BETWEEN CE AND DESCEMET'S MEMBRANE
Aqueous fluid permeates into corneal stroma
Corneal edema

oJ,

DIGESTION OF IMMUNE COMPLEXES WITHIN PHAGOCYTIC VACUOLES & REMOVAL
If lesions in CE focal: resolution in 1-3 weeks
If lesions extensive: no CE regeneration, persistent
or permanent corneal damage. Bullous keratopathy,
hydrophthalmos, or extensive corneal pigmentation
with complete loss of visio·n.
F i g. 10. Postulated scheme of pathogenesis of acute anterior uveitis
following CA V -1 infection. The pathogenetic role of lysosomal enzyme
release from leukocytes is not fully established.
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in vitro release of a neutrophilic chemotactic factor by virus

Based on these data, a postulated scheme for the patho
genesis of "blue eye" is presented (Fig. 10).

antibody complexes pI us C'. Also, the finding of cellbound C'
by immunofluorescence in lesions, along with viral-antibody
aggregates, provided further evidence for the Type III hyper
sensitivity reaction. The actual cause of functional corneal
endothelial damage was not established by these studies; how
ever, the finding, in some instances, of elevations in aqueous
fluid acid phosphatase levels, sometimes above serum enzyme
levels, suggests release, and a possible role, of lysosomal en
zymes in tissue damage. Neutrophilic lysosomal extracts have
been reported to cause reversible changes in cultures of
corneal epithelial cells (14), however in recent experiments
done in our laboratory, we were unable to observe severe
damage to cultured corneal endothelial cells IUsing similar
methods. The failure to cause corneal endothelial damage may
have been due to the rapid washing out of the small molecular
weight acid proteases, since the trabeculae were not occluded
by infiltrated cells, as occurs in spontaneous CAY-1 eye
lesions. Also, adherence of large numbers of leukocytes and
fibrin to the corneal endothelium as keratic precipitates could
focus a sustained release of injurious constituents such as
acid proteases, collagenase, and permeability factors (7,11,13).
Such a mechanism is likely, since lesions are relatively focal
and corneal edema generally resolves within a few days, some
times weeks. The clumping of neutrophiles and monocytes
within the plasmoid aqueous fluid may represent an immune
adherence phenomenon, since in vitro observations indicated
clumping of cells only in the presence of C'. Removal of the
stimulus (IC-Ieukocytes) then allows repair of tissue damage
if corneal endothelial destruction were not extensive.
In vitro release of acid phospha tase from leukocyte sus
pensions by I C-C' amounted to approximately 7.7 0/0 , as com
pared with the total enzyme acti vity r eleased by a detergent
(T riton X-I OO ). The quantita t ive significance co uld not be
assessed; h owever , simi lar release of acid phosphatase from
huma n neutrophiles exposed t o immu ne complexes has been
reported (20,21) as indicat ive of libera t ion of lysosomal hy
drolases du ring phagocytosis.
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VIREMIA:

Viral grofth in RE tissue, kidney, liver

± VIRAL

GROWTH IN AkTERIOR UVEA/CORNEAL ENDOTHELIUM (CE)
No growth--no uveitis
Growth--Cf' vascular endothelium, trabeculae

LOCAL IMMUNE RESPONh
Lymphocytes and plasma cells in anterior uvea
Restricte1 viral growth
VIRAL GROWTH ARRES~D OR VIRAL PERSISTENCE IN RESTRICTED SITES
No persistence--no clinical signs
perSist]ne--CE cells, trabecular meshwork cells
Viral antigen release into aqueous fluid
IMMUNE COMPLEX FO
TION CAV-l/antibod)
Virus antibody excess: slight or no pathogenicity
Virus/antibody balance: complement (C') binding;
pathrgeniC
C' -MEDIATED RELEASE OF BIOLOGICALLY ACTIVE COMPONENTS
Leukocyte chemotactic factors
Immune adherence factor
Enhanced phagocytosis of immune complexes
LEUKOCYTE INFILTRATiON INTO ANTERIOR CHAMBER
PHAGOCYTOSIS OF

I~

COMPLEXES-C' BY NEUTROPHILES AND MACROPHAGES

I
RELEASE

LYSOSOMAL ENZYME
Injury (fycal) to CE at points of contact with leukocytes?
INFILTRATION OF LEukoCYTES BETWEEN CE AND DESCEMET'S MEMBRANE
Aqueous fluid permeates into corneal stroma
Corneal edema

oJ,

DIGESTION OF IMMUNE COMPLEXES WITHIN PHAGOCYTIC VACUOLES & REMOVAL
If lesions in CE focal: resolution in 1-3 weeks
If lesions extensive: no CE regeneration, persistent
or permanent corneal damage. Bullous keratopathy,
hydrophthalmos, or extensive corneal pigmentation
with complete loss of visio·n.
F i g. 10. Postulated scheme of pathogenesis of acute anterior uveitis
following CA V -1 infection. The pathogenetic role of lysosomal enzyme
release from leukocytes is not fully established.
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